I m p r o v e d R o ta tio n a l C o n s ta n ts a n d D ip o le M o m e n t a n d a N u c le a r Q u a d r u p o le C o u p lin g A n a ly sis o f 2 -C y a n o th io p h e n e a n d D ip o le M o m e n t o f 2 -C y a n o f u r a n e Results of a microwave investigation of the molecules 2-Cyanothiophene and 2-Cyanofurane are reported. The microwave spectrum of 2-Cyanothiophene was examined in the frequency range of 13 -40 GHz mainly to get a more accurate rotational constant A from the assignment of fX btransitions. From the resolved hyperfine structure due to nuclear quadrupole coupling of the 14N-nucleus the quadrupole coupling constant X+-y.bb + Xcc was determined for 2-Cyanothiophene. No information for y w a s available from the measured transitions.
Since the two molecules 2-Cyanothiophene and 2-Cyanofurane differ only by the isoelectronic ring atoms sulfur and oxygen they were investigated in parallel. In a preceding paper1 we reported the rotational constants and the nuclear quadrupole coupling constants of 2-Cyanofurane. When our analysis of the spectrum of 2-Cyanothiophene was finished we noticed a publication of Avirah et al. 2 on the microwave spectrum of this compound. As our data are more complete and partly different they will be included in this publication.
Experimental
The spectra of both compounds were recorded in the region between 10 and 40 GHz with conventional microwave spectrometers using 30 and 100 kHz Stark modulation3' 4. For the assignment of the rotational spectrum of 2-Cyanothiophene radio fre quency microwave double resonance (RFMWDR) 5 was of great help. The compounds were purchased from EGA-Chemie and used after destillation.
2-Cyanothiophene
The rotational spectrum exhibits rather strong /V and weak //^-transitions. With the combined use of Stark-modulated and RFMWDR-spectroscopy, the initial assignment of the //"-and //^-transitions was possible. The measured transitions are given in Reprint requests to Prof. Dr. H. Dreizler, Institut für Physikalische Chemie der Universität Kiel, Olshausenstraße 40-60, D-2300 Kiel. The spectrum was analysed by the model of the centrifugal distorted rotor according to Watson6. Table 2 gives the rotational and centrifugal distor tion constants and their correlation coefficients. For comparison with the results of Avirah et al. 2 lines with 7^9 were used to fit the rotational constants of the rigid rotor. Our values differ by inclusion of /«^-transitions, which determine the rotational con stant A more reliably.
From the resolved quadrupole hyperfine structure due to the 14N-nucleus given in Table 3 , the quadru pole coupling constant % + = fob + Xcc was determined to 4.04 ± 0.16 MHz. An extended search for lines sensitive to i -= Xbb~Xcc was unsuccessful.
A comparison of x + 2-Cyanothiophene with that of 2-Cyanofurane shows that both values are equal within the error limits. As further the orienta tion of the principal axis system of 2-Cyanothio phene (Fig. 1 ) is similar to that of 2-Cyanofurane (Fig. 1 *) the =0.96 of 2-Cyanofurane may be taken as a rough approximation also for 2-Cyano thiophene. The dipole moment components of 2-Cyanofurane were determined by a calculation, which applies first the second order Stark effect perturbation and second the perturbation by the 14N-quadrupole coupling. If the strong field case is assumed with an effective decoupling of overall rotation and nuclear spin, all off-diagonal matrix elements with respect to Mj and M [, the projection quantum numbers of the overall rotation and nuclear spin respectively, for a given rotational level denoted by J, x, Mj and the nuclear spin / are small compared to the diago nal matrix elements by the second order Stark effect perturbation and the quadrupole coupling operator 7~ [q (compare Ref. 8) . However, it is not possible to apply second order perturbation theory again because the (M j, Mj) -sublevels ( -1, + 1 ) and ( + 1, -1) are degenerate and connected by an offdiagonal element of J^q . The energy matrix for a given rotational level has the form indicated in Figure 2 . Only the matrix elements involving the degenerate sublevels and M j,M j = 0 ,0 are given completely. The degeneracy is removed by the ap plication of the orthogonal transformation of Fig. 3 to the energy matrix of Figure. It should be mentioned that each rotational level 7, r, I is split into (/ + 2) (21 + 1) sublevels, which may be compared to the number of (7 + 1) sublevels in the case without quadrupole effects.
From the result of a second order perturbation calculation applied to the matrix of Fig. 4 For 2-Cyanofurane two independent fits for jua and /-tb were made. The \M j\ = 0 satellite of the transition 423 -524 at 18429.085 MHz has only less than 1% /^-contribution. F°r this reason it was possible to use an estimated //a-value of 4.5 Debye for the calculation of jub using the mentioned satel lite. After having fixed the //^-value we determined jLta from Stark satellites with \M j\ = 0 ,1 ,2 of the transition 313-4 14 at 14007.98 MHz (see Table 4 ).
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